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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S122repressing Akt signaling. The purpose of this study was to test the
relationship between Akt signaling, Cav-1 and lipid rafts during MSC
osteogenesis.
Methods: MSCs were isolated from the bone marrow of femoral heads
obtained following total hip replacement surgery with IRB approval.
MSCs with or without disruption to Cav-1 expression (using siRNA),
lipid rafts (using methyl-b-cyclodextrin, MbCD) or PI3K/Akt signaling
(using the inhibitor LY294002) were cultured in growth medium with
10% FBS (GM) or GM supplemented with 5 mM b-glycerophosphate, 50
mg/ml ascorbate, 10 nM 1,25-dihydroxyvitamin D3, and 10 nM dexa-
methasone (OM) to induce osteogenesis. Total cell lysates were
collected in RIPA buffer at short time intervals after initial addition of
GM or OM to determine Akt activity. Osteogenesis was assessed on the
basis of alkaline phosphatase (ALP) activity using p-nitro-
phenylphosphate substrate on day 4, and by alizarin red staining for
matrix mineralization on day 21. Caveolae and non-caveolar lipid rafts
were isolated from cells grown for 10 days in GM or OM using a sucrose
density centrifugation method. The gradient fractions were harvested
and probed for Cav-1 and Akt by western blotting.
Results: As previously described, upon culturing in OM, MSCs with
siRNA-mediated Cav-1 knockdown showed enhanced osteogenesis,
i.e., increased ALP activity and alizarin red staining, compared to
control MSCs. Akt phosphorylation was seen 30 min after the addition
of OM, but it was unclear if this signaling was enhanced in MSCs with
reduced Cav-1 expression due to MSC donor variation. LY294002
completely abolished Akt phosphorylation, and signiﬁcantly reduced
ALP activity and alizarin red staining induced by OM in a dose
dependent manner. Pre-treatment of MSCs with MbCD also dose
dependently inhibited ALP activity induced by OM. Akt was detected in
lipid rafts, more to non-caveolar lipid rafts than to caveolae, and its
abundance in lipid rafts seemed to be elevated in osteogenically
differentiating MSCs.
Conclusion: These results show: (1) the involvement of PI3K/Akt
signaling in MSC osteogenesis, because OM induced Akt phosphoryla-
tion and osteogenesis were both inhibited by the PI3K inhibitor
LY294002; (2) the requirement of membrane cholesterol in MSC oste-
ogenic differentiation, as MbCD, which binds to and removes choles-
terol from cell membranes, inhibited osteogenesis; and (3) the
concentration of Akt in non-caveolar cholesterol-rich lipid rafts during
MSC osteogenesis, because Akt was immunoblot-detected in lipid rafts
and appeared more abundant in non-caveolar lipid rafts in response to
OM. We are currently investigating the dependence of pro-osteogenic
PI3K/Akt signaling onmembrane cholesterol, andwhether Akt localized
to caveolae is inhibited by Cav-1, a known suppressor of osteogenesis.
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TRANSCRIPTIONAL INDUCTION OF ADAMTS5 BY AN NF-kB FAMILY
MEMBER RELA/P65 IN CHONDROCYTES DURING OSTEOARTHRITIS
DEVELOPMENT
H. Kobayashi, M. Hirata, T. Saito, S. Ito, U-i. Chung,
H. Kawaguchi. Sensory & Motor System Med., Univ. of Tokyo, Tokyo, Japan
Purpose: ADAMTS5 (aggreacanase-2) is known to be a crucial
proteinase that degrades articular cartilage during osteoarthritis (OA)
development. To elucidate the molecular network as a therapeutic
target of OA, the present study attempted to identify transcription
factors to induce ADAMTS5 expression and to examine the underlying
mechanism.
Methods: Sequences of about 2 kb of 5’-end ﬂanking regions were
compared among human, macaca, and mouse ADAMTS5 genes. The
sequence search predicted the consensus binding motifs in the
conserved region among species. Promoter activities were determined
in mouse chondrogenic ATDC5 cells transfected with a luciferase-
reporter gene containing the fragments. Protein-DNA binding was
examined by electrophoretic mobility shift assay. Endogenous Adamts5
expression was examined by real-time RT-PCR using ATDC5 cells and
primary chondrocytes isolated from mouse articular cartilage. Aggre-
canolysis was investigated by measuring aggrecan fragments released
into culture medium in ex vivo cultures of 3-week-old mouse femoral
head cartilage. In vivo localization was examined by immunohisto-
chemistry in the experimental OA model by surgical induction of
instability in the knee joints of 8-week-old miceResults: Exhaustive comparison of the genomic sequences of human,
macaca, and mouse ADAMTS5 genes revealed that the 1.4 kb region
upstream of the transcriptional start site was highly conserved among
the species. The sequence search in this region predicted the consensus
binding motifs of NF-kB, C/EBP, GATA, RUNX, AP-1, OCT, SOX, STAT, and
HIF. We then created expression vectors of 26 putative transcription
factors that are known to bind to these sites, and transfected them in
ATDC5 cells with a luciferase construct containing the 1.4 kb ADAMTS5
fragment. Among the transcription factors, an NF-kB family member
RelA/p65 most strongly stimulated the promoter activity. In the
ADAMTS5 genes, there were three NF-kB binding motifs: 1,196/1,187,
896/887, and 424/415 bp, in which deletion, mutagenesis, and
tandem-repeat analyses of the luciferase assay identiﬁed the core
responsive regions of RelA/p65 to be the two upstream motifs. These
two NF-kB motif oligonucleotide probes were conﬁrmed to bind to
nuclear extracts of RelA/p65-overexpressing COS-7 cells. The speciﬁcity
of binding was veriﬁed by the cold competition with excess amount of
the unlabelled wild-type probe and by the supershift with an antibody
to RelA/p65. Retroviral overexpression of RelA/p65 markedly increased
the Adamts5 expression in ATDC5 cells. Furthermore, IL-1b, a putative
inducer of the NF-kB signal as well as OA development, enhanced
Adamts5 and Rela expressions in ATDC5 cells. The Adamts5 induction by
IL-1b was suppressed by the knockdown of Rela through its speciﬁc
siRNA transfection. Endogenous Adamts5 expression was inhibited by
the Rela deletion through adenoviral transfection with Cre in primary
articular chondrocytes from mice homozygous for a ﬂoxed Rela allele
(Relaﬂ/ﬂ mice). In the ex vivo culture of femoral head cartilage from
mesenchymal cell-speciﬁc Rela knockout (Prx1-Cre;Relaﬂ/ﬂ) mice, the
aggrecan fragment release induced by IL-1b was signiﬁcantly lower
than that in the culture from Relaﬂ/ﬂ mice. Finally, in the experimental
mouse OA model, Adamts5 and RelA/p65 were co-localized in chon-
drocytes of the degraded articular cartilage.
Conclusion: We identiﬁed RelA/p65 as a potent transcriptional acti-
vator of ADAMTS5 in chondrocytes during OA development. The
molecular network related to the RelA/p65-ADAMTS5 axis may thus
represent a therapeutic target for OA.218
ROLE OF TCF4 IN SIGNALING CROSSTALK WITH NFkB IN HUMAN
CHONDROCYTES
L. Zhong, B. Ma, J.N. Post, M. Karperien. MIRA Inst. for BioMed.
Technology and Technical Medicine, Enschede, The Netherlands
Purpose: Wnt/b-catenin signaling plays a crucial role in cartilage
development as well as the development and progression of osteoar-
thritis (OA). The family of TCF/LEF transcription factors is a downstream
effector of the canonical Wnt/b-catenin pathway. There is accumulating
evidence that TCF4 is involved in the development and progression of
osteoarthritis. Our recent results have indicated that in human chon-
drocytes, Wnt/b-catenin signaling is part of a negative feedback loop
counteracting IL-1b-induced MMP expression by a non-canonical
inhibitory protein-protein interaction of b-catenin with NF-kB. In
marked contrast to animal chondrocytes, the downstream effectors of
b-catenin TCF/LEF transcription factors are not involved in IL-1b-
induced MMP expression in human chondrocytes. This questions the
role of TCF/LEF transcription factors in human chondrocytes. Our study
aimed to investigate the role of TCF/LEF transcription factors in human
articular chondrocytes, especially with respect of the crosstalk between
TCF/LEF and NF-kB in human chondrocytes.
Methods:Human articular chondrocytes were isolated from cartilage of
knee joints of healthy donors as well as donors undergoing knee joint
replacement due to OA. Various strategies for activation and inhibition
of signaling pathways were adopted. Viral transduction was used to
overexpress TCF4, LEF1 and TCF3 in human chondrocytes. Total RNA
was isolated and cDNA was synthesized, real-time quantitative poly-
merase chain reaction (qPCR) was performed to evaluate the mRNA
expression. Total cell proteins were extracted using RIPA buffer, protein
expression of target genes of NF-kB was measured using Western
blotting. Co-immunoprecipitation assays were used to study the direct
interaction between TCF/LEF and NF-kB.
Results: Overexpression of TCF4 induced matrix metalloproteinase
(MMP)-1, MMP-3, and MMP-13 expression and generic MMP activity in
human chondrocytes (ﬁgure 1). This was due to potentiating NF-kB
signaling by an interaction between TCF4 and NF-kB p65, thereby
activating established NF-kB target genes such as MMPs and IL6 (ﬁgure
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assay, we observed an unexpected interaction between TCF4 and p65,
suggesting that this signaling cross-talk might be responsible for the
increase in MMP expression. Finally we showed that overexpression of
TCF4 induced chondrocyte apoptosis and that TCF4 mRNA expression
was elevated in OA cartilage compared to healthy cartilage.
Conclusions: Our ﬁndings suggest that increased TCF4 expression may
contribute to cartilage degeneration in OA by augmenting NF-kB
signaling. Therefore, targeting TCF4 activity or expression might be
a promising avenue for the treatment of degenerative cartilage disease.Figure 1. Effects of TCF4/LEF members on MMP mRNA expression: Human primary
chondrocytes were infected with adenoviruses expressing GFP, TCF4 and LEF1. MMP
mRNA expression was measured by qPCR.
Figure 2. TCF4 induced NF-kB target gene IL6 mRNA expression by potentiating
NF-kB signaling: Human primary chondrocytes were infected with adenoviruses
expressing GFP, TCF4 and I kB-a and stimulated with IL1-b. IL-6 mRNA expression was
measured by qPCR.
Figure 1. ANIMO model of growth plate chondrocytes. Colors depict relative activity
of the nodes.219
MATHEMATICAL MODELING OF SIGNALING PATHWAYS IN
OSTEOARTHRITIS
J. Scholma y, J. Kerkhofs z, S. Schivo k,x, R. Langerak k,x, P. van der
Vet k,x, M. Karperien y, J. van de Pol k,x, L. Geris z, J.N. Post y. yMIRA Inst.
for BioMed. Technology and Technical Medicine, Enschede, The
Netherlands; zKU Leuven, Leuven, Belgium; xUniv. of Twente, Enschede,
The Netherlands; kCTIT, Enschede, The Netherlands
Purpose: Cartilage homeostasis relies on an intricate balance between
anabolic and catabolic processes. In osteoarthritis this balance is shiftedtowards catabolism, leading to hypertrophy and a gradual degradation
of cartilage tissue. So far, drug-based intervention in this process has
shown limited progress. We propose to construct a mathematical
model of the molecular network that governs key processes in articular
cartilage homeostasis. This model can be used as a platform for model
expansion by introduction of new experimental ﬁndings and
hypotheses.
Methods: We recently developed ANIMO (Analysis of Networks with
InteractiveModeling), an intuitive software tool for modelingmolecular
networks. Here, we demonstrate a mathematical model of growth plate
cartilage using a combination of literature and experimental data. We
show how ANIMO allows for intuitive exploration of the model, despite
the size and complexity of the model.
Results: We constructed a network model of regulatory processes in
growth plate chondrocytes. In this model the effects downstream of
extracellular growth factors FGF, WNT, IGF-1, PTHrP, Ihh, BMP, and TGF-
b are integrated into a cellular response (Figure 1). In silico experiments
predict the phenotypic outcome for different inputs and starting states
of the model.
Osteoarthritic chondrocytes and hypertrophic growth plate chon-
drocytes show strong parallels in their gene expression proﬁle. We have
examined the gene expression proﬁles of growth plate and articular
cartilage. In articular cartilage the expression of the WNT and BMP
antagonists DKK1, FRZB and GREM1 is over 10-500 fold higher than in
growth plate cartilage. This leads us to think that DKK1, FRZB, GREM1
could act as gatekeepers for preventing hypertrophy. We are currently
investigating the range of conditions under which these proteins exert
their stabilizing effect on the articular cartilage phenotype in the model.
Furthermore, we are interrogating the model to obtain in silico leads to
targets for novel combination therapies. Such therapies could be used to
intervene in the osteoarthritic state of the network and restore the
balanced situation of healthy cartilage.
Conclusions: Traditionally, modeling efforts in the realm of molecular
cell biology have been the exclusive domain of researchers with
a thorough training in mathematics or computer science. We show here
that a complex model that is intuitively amenable to exploration and
adaptation by biologists is an invaluable asset in cartilage research.
Expansion of an existing model with DKK1, FRZB and GREM1 provided
evidence for their role in preserving the articular cartilage phenotype.220
SCLEROSTIN REGULATES CHONDROCYTE METABOLISM THROUGH
SIMULTANEOUS INHIBITION OF b-CATENIN DEPENDENT AND
INDEPENDENT PATHWAYS
W. Bouaziz y, T. Funck-Brentano y,z, H. Lin y, E. Hay y, M. Cohen-
Solal y,z. y INSERM606, Paris, France; zDept. of Rheumatology Lariboisière
Hosp., Paris, France
Aim: Wnt/b-catenin pathway modulates cartilage maintenance in
osteoarthritis (OA). We have previously shown that Sclerostin preserves
chondrocyte maintenance by reducing chondrocyte catabolism and
hypertrophy through the inhibition of Wnt/b-catenin pathway. Because
